Centrosomes, the main microtubule organizing centers (MTOCs) of metazoan cells, contain an 41 older 'mother' and a younger 'daughter' centriole. Stem cells either inherit the mother or daughter 42 centriole-containing centrosome, providing a possible mechanism for biased delivery of cell fate 43 determinants. However, the dynamics and mechanisms regulating centrosome asymmetry and 44 biased centrosome segregation are unclear. Using 3D-Structured Illumination Microscopy (3D-45
on the apical centrosome is maintained by the microcephaly associated protein Wdr62 19 . The mother 80 centrosome, separating from the daughter centrosome in interphase, downregulates Polo and MTOC 81 activity through Pericentrin (PCNT)-like protein (Plp) and Bld10 (Cep135 in vertebrates) 20, 21 . The lack of 82 MTOC activity prevents the mother centrosome from engaging with the apical cell cortex; it randomly 83 migrates through the cytoplasm until centrosome maturation in prophase establishes a second MTOC near 84 the basal cortex (called the basal centrosome hereafter), ensuring its segregation into the differentiating 85 ganglion mother cell (GMC). Later in mitosis, the mother centrosome also accumulates Cnb 12,14,17,20 (and 86 Supplementary Fig.1a ). 87
Although several centrosomal proteins have been described to be enriched on either the mother or 88 daughter centrosome in Drosophila interphase neuroblasts 11, 19, 22 or human cells 5 , it is unknown when 89 and how centrosomes acquire their unique molecular identity to determine biased MTOC activity, and 90 thus correct spindle orientation. Here, we show that centrosome asymmetry is primed in early mitosis by 91 dynamically relocalizing Polo and Cnb from the older mother to the younger daughter centriole, while 92 selectively retaining Plp on the mother centriole. We further show that priming centrosome asymmetry in 93 mitosis is necessary to establish molecularly distinct centrosomes, asymmetric MTOC activity and 94 centrosome positioning. 95
Asymmetric Cnb localization is established in early mitosis through dynamic exclusion from the 122 mother centriole and enrichment on the daughter centriole 123 Molecular and functional centrosome asymmetry is detectable in interphase neuroblasts but when and 124 how this asymmetry is established is unclear ( Supplementary Fig.1c ). To this end, we analyzed the 125 localization of YFP::Cnb 11 with 3D-SIM throughout mitosis. As expected, YFP::Cnb was localized with 126 Asl on the active, apical centrosome in interphase neuroblasts but absent on the basal interphase 127 centrosome ( Fig. 1a-d) . To our surprise, we also found apical -but never basal -prophase and 128 prometaphase centrosomes where Cnb was localized on both centrioles (green arrowheads and bars in 129 Fig. 1b & Fig. 1g ). However, Cnb was predominantly localized on one centriole only from metaphase 130 onward (brown arrowheads and bars in Fig. 1b & Fig. 1g ). On the basal centrosome, Cnb appeared in 131 prophase and was consistently localized to a single centriole in all subsequent mitotic stages ( Fig. 1d, g) . 132
Since Asl sequentially loads onto the forming daughter centriole 25,29 , we tested whether Asl can be used 133 as an independent marker for centriolar age. To this end, we calculated the Asl intensity ratio between 134 both centrioles (see methods) -on the apical and basal centrosome -for all mitotic stages where we could 135 find a clear Cnb asymmetry (Asl intensity ratio of Cnb + /Cnbfrom prometaphase until telophase). These 136 calculations revealed a clear Asl intensity asymmetry with the Cnb + centriole always containing less Asl 137 and the Cnbmore Asl (Fig. 1e) . 138
Using the Asl intensity ratio as a method to distinguish between mother and daughter centrioles, 139 we next correlated Cnb localization with centriolar age at all mitotic stages. We found that in prophase -140 when Cnb was detectable on both centrioles -Cnb was predominantly associated with the centriole 141 containing more Asl (the mother centriole). However, during prometaphase, more Cnb was localized on 142 the centriole containing less Asl (the daughter centriole). Cnb was sometimes visible before Asl was 143 robustly recruited to the daughter centriole (green arrowheads in second column of Fig. 1b ). From 144 metaphase until mitosis exit, Cnb was strongly enriched or exclusively present on the daughter centriole 145 (brown bars and arrowheads Fig. 1b, d, f, g) . 146
From these data, we conclude that neuroblast centrosomes generate two molecularly distinct 147 centrioles during early mitosis. The dynamics generating this centriole asymmetry differ between the 148 apical and basal centrosomes: on the apical centrosome, Cnb is initially only present on the mother 149 centriole before appearing on the daughter, and disappearing on the mother centriole. In contrast, Cnb 150 directly appears on the daughter centriole of the basal centrosome. This establishment of molecular 151 centriole asymmetry occurs during the centriole-to-centrosome conversion period. 152
153
The daughter centriole's Cnb partially originates from the mother centriole 154
We next investigated Cnb relocalization dynamics, considering the following two non-exclusive 155 hypotheses: (1) Cnb could directly relocalize from the mother to the newly forming daughter centriole 156 during mitosis. (2) Alternatively, Cnb could be downregulated on the mother and upregulated on the 157 daughter centriole during mitosis, implying that newly recruited Cnb contributes to the apparent 158 relocalization pattern ( Fig. 2a ). To distinguish between these scenarios, we needed to determine the origin 159 of the daughter centriole specific Cnb pool. To this end, we first performed live cell imaging of 160 endogenously tagged Cnb::EGFP (see methods) in conjunction with the mitotic spindle marker 161 mCherry::Jupiter 16 . We found that in late interphase, prior to mitotic entry, Cnb was strongly localized on 162 the apical neuroblast centrosome. At this cell cycle stage, the apical centrosome only consists of a single 163 Asl + mother centriole ( Supplementary Fig.1d ). Subsequently, Cnb got downregulated as the neuroblast 164 entered mitosis and Cnb levels were lowest between prometaphase and anaphase. Cnb intensity then 165 increased again from anaphase onward (Fig. 2b, c) . To test whether daughter centriole Cnb originates 166 from the mother centriole, or is recruited from other sources, we performed Fluorescence Recovery After 167 Photobleaching (FRAP) experiments. Bleaching Cnb on the apical centrosome in late interphase or early 168 prophase extinguished Cnb fluorescence, which only recovered from anaphase onward ( Fig. 2d-f ). We 169 also tagged Cnb endogenously with mDendra2 (see also below) but the signal was too low to perform 170 photoconversion experiments. Regardless, the lack of Cnb fluorescence recovery during mitosis indicates 171 that very little to no new Cnb is recruited to the apical centrosome prior to anaphase. Recovery of Cnb 172 after anaphase onset suggests the existence of a Cnb protein pool different from the Cnb initially localized 173 to the apical mother centriole. Taken together, we conclude that Cnb on the daughter centriole is 174 composed of Cnb originating from the mother centriole in early mitosis and newly recruited Cnb from 175 anaphase onward ( Fig. 2g ). 176 177 Polo dependent phosphorylation of Cnb is necessary for a timely relocalization of Cnb from the 178 mother to the daughter centriole 179
Previously, it was shown that Cnb is a substrate of Polo 18 . We thus tested whether Cnb's dynamic 180 relocalization depends on Polo phosphorylation by analyzing YFP::Cnb localization in hypomorphic polo 181 mutant neuroblasts (polo 16-1 /polo 1 ). In addition, we analyzed the localization of YFP::Cnb T4A,T9A,S82A , a 182 mutant version of Cnb in which all three consensus phosphorylation sites for Polo were substituted by 183 alanine 18 , in cnb mutant neuroblasts. Since we cannot accurately distinguish between apical and basal 184 centrosomes in polo mutants, or cnb mutants expressing YFP::Cnb T4A,T9A,S82A , we will refer to them as 185 centrosome 1 and centrosome 2. In contrast to prophase wild type or control (polo/+ heterozygotes) 186 neuroblasts, showing no Cnb on the mother centriole of the basal centrosome ( Fig. 1; Supplementary Fig.  187 2c), we found polo mutant neuroblasts containing weak Cnb on the mother centriole of both prophase 188 centrosomes (44%, light blue and green arrowheads and bars, centrosome 2, Supplementary Fig.2a , b, d). 189
In prometaphase and metaphase neuroblasts Cnb appeared on both centrioles on centrosome 1 and 2 190 (prometaphase: 14.8%; n = 27; metaphase: 18.8%; n =16) (light blue and green arrowheads and bars, 191 centrosome 2, Supplementary Fig.2a , b and D) but from anaphase onward was predominantly localized 192 on the mother centriole. Taken together, Cnb relocalization occurs but is delayed in polo hypomorphic 193 mutant neuroblasts (Supplementary Fig.2a-d) . 194
A similar, albeit stronger phenotype was observed in cnb mutant neuroblasts expressing 195 YFP::Cnb T4A,T9A,S82A ; neuroblasts containing Cnb + mother centrioles on both centrosomes were found for 196 all mitotic stages. Similar to Cnb in polo mutant neuroblasts, phosphomutant Cnb was detectable on both 197 centrosomes in early prophase neuroblasts (e.g centrosome 2: 68.6%; n = 19; light blue and green 198 arrowheads and bars) ( Fig. 3a-c ). Due to their resemblance to apical wild type centrosomes in regard of 199 Cnb localization, we refer to these centrosomes as "apical-like". In most wild type neuroblasts, Cnb was 200 relocalized by metaphase but in cnb mutant neuroblasts expressing YFP::Cnb T4A,T9A,S82A , 71.4% (n = 7; 201 light blue, centrosome 1) of analyzed neuroblasts show incomplete Cnb relocalization on one centrosome 202 by telophase ( Fig. 3a-c) . 203
The establishment of molecularly distinct centrioles during mitosis could determine centrosome 204 asymmetry in the following interphase. If so, we would expect that in cases with a strong Cnb 205 relocalization delay, as shown for Cnb phosphomutants, we should find two Cnb + interphase centrosomes 206 ( Fig. 3d, e ). Indeed, in contrast to wild type, control (polo/+) or hypomorphic polo mutant neuroblasts, ~ 207 75% of cnb mutant neuroblasts expressing YFP::Cnb T4A,T9A,S82A contain two Cnb + interphase centrosomes 208 ( Fig. 3f , g; Supplementary Fig.2e -g). To more directly visualize the origin of the two Cnb + interphase 209 centrosomes, we imaged cnb mutants expressing YFP::Cnb T4A,T9A,S82A live. Unfortunately, we could not 210 obtain reliable live 3D-SIM data and our spinning disc live cell imaging setup cannot resolve individual 211 centrioles during mitosis. However, we reasoned that we could visualize two Cnb + centrioles when the 212 mother and daughter centrioles separate from each other at the end of telophase ( Supplementary Fig.1a ). 213
Indeed, in contrast to wild type, retaining a single Cnb + centriole on the apical cortex in most neuroblasts 214 (75%; n = 20), we found two separating Cnb + centrioles in most cnb mutants expressing 215 YFP::Cnb T4A,T9A,S82A (73%; n = 22; Fig. 3h -j). This data suggests that incomplete relocalization of 216 phosphomutant Cnb from the mother to the daughter centriole during mitosis gives rise to two Cnb + 217 centrioles by the end of telophase. In contrast to wild type, this incomplete phosphomutant Cnb 218 relocalization will result in neuroblasts reentering the next mitosis with Cnb+ on both centrosomes. Taken 219 together, we conclude that Polo dependent phosphorylation of Cnb is necessary for Cnb's timely 220 relocalization from the mother to the daughter centriole, and that the establishment of molecularly distinct 221 centrioles during mitosis determines subsequent molecular interphase asymmetry. Having implicated Polo in Cnb's mother -daughter centriole relocalization we then analyzed the 227 localization of Polo (Polo::GFP) and Plp (Plp::EGFP). The latter has previously been shown to be 228 involved in centrosome asymmetry establishment 21 . Both Polo and Plp were GFP-tagged at the 229 endogenous locus ( 30 and methods). In early prophase neuroblasts, Polo was localized on the existing 230 centriole on both centrosomes ( Fig. 4a, b & 19 ). Subsequently, Polo intensity increased on the forming 231 daughter centriole and its asymmetric localization peaked in metaphase/anaphase. Interestingly, the apical 232 centrosome showed a less pronounced asymmetric distribution in prometaphase compared to the basal 233 centrosome, which could reflect differences in the relocalization mechanism ( Fig. 4a- 
c). 234
In contrast to Polo and Cnb, Plp predominantly remained localized on the mother centriole on both 235 centrosomes, although it increased also on the daughter centriole in late mitosis ( Supplementary Fig.3 ). 236
Co-imaging Polo together with Plp, and Cnb with Plp showed that Polo and Cnb separated from Plp in 237 metaphase and anaphase ( Fig. 4d, e ). These data suggest that similar to Cnb on the apical centrosome, 238
Polo is changing its localization from the mother to the daughter centriole during mitosis. However, in 239 contrast to Cnb, Polo's relocalization dynamics appear similar on both centrosomes. Plp remains enriched 240 on the mother centriole on both the basal and apical centrosome. Wdr62 did not compromise the gradual loading of Asl onto the newly formed centriole in mitotic 249 neuroblasts and Plp localization was still highly asymmetric in favor of the mother centriole (data not 250 shown). However, the asymmetric centriolar localization of Polo, especially in prometaphase to anaphase 251 neuroblasts, was significantly perturbed in the absence of Cnb and Wdr62 ( Fig. 5a -c). Lack of Cnb -but 252 not Wdr62 -also compromised Polo's asymmetric localization in telophase, suggesting a preferential 253 requirement for Wdr62 in metaphase and anaphase. 254
Our polo mutant, Cnb phosphomutant and Cnb RNAi data are consistent with previous studies, 255 indicating a co-dependency of Polo and Cnb 18,21 . To test whether Cnb mislocalization is sufficient to 256 prevent Polo relocalization to the daughter centriole, we expressed mCherry::Cnb::PACT (see Methods) 257 together with Polo::EGFP (tagged endogenously, using CRISPR/Cas9 technology; see methods). Since 258 our 3D-SIM data showed Plp to be predominantly associated with the mother centriole, we reasoned that 259 tethering Cnb to the mother centriole with Plp's PACT domain 33 would compromise the establishment of 260 a Cnbmother and Cnb + daughter centriole. We speculated that Cnb's localization would remain enriched 261 on the mother centriole or at least become near symmetrically localized. Indeed, our 3D-SIM experiments 262 revealed that mCherry::Cnb::PACT or YFP::Cnb::PACT 18 failed to properly relocalize from the mother 263 to the daughter centriole and remained associated with the mother centriole ( Fig. 5d & Supplementary 264 Fig.4a, b ). Tethering the PACT domain to Cnb prevented the establishment of a high daughter/mother 265 centriole Polo asymmetry. Polo::EGFP was either localized symmetrically (with equal amounts on both 266 the mother or daughter centriole) or, as observed in most cases, inverted asymmetrically (with higher 267
Polo::EGFP amounts on the mother centriole) ( Fig. 5d-e ). Taken together, loss or mislocalization of Cnb 268 and depletion of wdr62 significantly increased the number of centrosomes with inverted Polo asymmetry 269 ratios (wild type control: 8.6% and 2%, respectively; cnb RNAi: 40%; wdr62: 31.5%; Cnb::PACT: 270 97.8%; Fig. 5f , g). We conclude that Wdr62 and Cnb are necessary to establish 'low-Polo' mother and 271 Next, we set out to investigate the significance of centriole asymmetry establishment by preventing the 278 relocalization of Cnb and Polo from the mother to the daughter centriole using the PACT domain (see 279 above). It was previously shown that expression of YFP::Cnb::PACT in neuroblasts converted the 280 inactive mother interphase centrosome into an active MTOC, resulting in the presence of two active 281 interphase MTOCs 18 ( Supplementary Fig.4c , Movie 1&2). However, the underlying mechanisms have 282 not been further investigated. We hypothesized that fusing Cnb with the PACT domain affects the correct 283 establishment of molecular centrosome asymmetry during mitosis, manifested in symmetric MTOC 284 activity in the subsequent interphase. To test this hypothesis, we developed a nanobody trapping 285 experiment, using the anti-GFP single domain antibody fragment (vhhGFP4) 34,35 fused to the PACT 286 domain of Plp 33 to predominantly trap GFP-or YFP-tagged proteins on the mother centriole 287 ( Supplementary Fig.5a Having validated the nanobody tool, we next co-expressed a GFP-tagged version of Polo -either a 294 published GFP::Polo transgene 36 or our endogenously tagged CRISPR Polo::EGFP line -with 295 PACT::vhhGFP4. 3D-SIM data revealed that under these experimental conditions, Polo::EGFP was 296 strongly localized to the mother centriole in prophase. Subsequently, Polo::EGFP was symmetrically 297 localized between mother and daughter centriole from prometaphase onwards ( Supplementary Fig.6a, b) . 298 Nanobody-mediated trapping of Polo on the mother centriole also induced the formation of two active 299 interphase MTOCs (GFP::Polo transgene: 84%; n = 31. Polo::EGFP CRISPR line: 72%; n = 82) 300 ( Supplementary Fig.5h , i, Supplementary Fig.6c -e & Movie 5-7). Although cell cycle progression was not 301 affected in these neuroblasts, we measured a significant misorientation of the mitotic spindle in early 302 metaphase ( Supplementary Fig.6f -g, i). However, similar to bld10 mutant neuroblasts, displaying two 303 active interphase MTOCs also 20 , mitotic spindles realigned along the apical-basal polarity axis, ensuring 304 normal asymmetric cell divisions along a conserved axis between successive mitoses (Supplementary 305 Fig.6h , j). 3D-SIM imaging also revealed that in Polo::EGFP & vhhGFP4::PACT expressing neuroblast, 306 both interphase centrosomes (now containing one centriole each) contain high levels of centriolar and 307 diffuse PCM Polo, consistent with our recent observation for the apical interphase wild type centrosome 308 19 ( Supplementary Fig.6k , l). Based on these experiments we conclude that preventing the normal 309 establishment of Cnb and Polo asymmetry using the PACT domain perturbs biased MTOC activity in 310 interphase. 311 312
Optogenetically induced Polo and Cnb trapping during mitosis affects MTOC activity in the 313

subsequent interphase 314
Based on these nanobody results, we reasoned that trapping Polo and Cnb on the mother centriole at 315 defined cell cycle stages should allow us to test more specifically whether the establishment of Polo and 316 Cnb asymmetry during mitosis has an impact on MTOC activity in the subsequent interphase. To test this 317 hypothesis, we implemented the optogenetic system iLID 37 by generating transgenic flies containing the 318 iLID cassette (containing the Avena Sativa's LOV domain) fused with the PACT domain (UAS-319 iLID::PACT::HA; UAS-iLID::PACT::GFP; see methods). iLID (or SsrA) binds to the small SspB domain 320 under blue light exposure 37 . To test this system in fly neuroblasts, we expressed cytoplasmic 321 SspB::mCherry together with iLID::PACT::GFP and exposed entire larval brains first to yellow (561nm) 322 light, followed by simultaneous blue and yellow light (488 and 561nm) exposure, before switching back 323 to only 561nm; each exposure period lasted 5 minutes. Blue light exposure was sufficient to induce the 324 recruitment of cytoplasmic SspB::mCherry to neuroblast centrioles containing iLID::PACT::GFP within 325 15 seconds. This behavior is strictly blue-light dependent as imaging with 561nm alone is not sufficient 326 to recruit SspB::mCherry to centrioles and SspB::mCherry relocalized to the cytoplasm within 100s after 327 blue light exposure was shut off ( Supplementary Fig.7a ). 328
Next, we generated SspB::EGFP::Polo and SspB::mDendra2::Cnb flies using CRISPR/Cas9. We reared 329 embryos, expressing iLID::PACT::HA under the control of the neuroblast specific worGal4 driver 330 together with SspB::EGFP::Polo or SspB::mDendra::Cnb in the dark for 4 days before exposing third 331 instar larval neuroblasts in intact brains to blue light at different cell cycle stages for 10-20 minutes. 332
Subsequently, we monitored MT dynamics using mCherry::Jupiter for ~ 90 minutes without blue light 333 exposure. If the dynamic relocalization of Polo and Cnb during mitosis is important for the correct MTOC 334 establishment in the subsequent interphase (interphase 2), we would expect that light-dependent 335 manipulation of Cnb and Polo localization would mimic the nanobody phenotype, resulting in two active 336
MTOCs in interphase 2. Indeed, many neuroblasts, exposed to blue light from late interphase 1 or 337 prophase 1 onward, showed two active MTOCs in the following interphase 2. However, continued blue 338 light exposure during interphase -early interphase in particular -also disrupted MTOC asymmetry in late 339 interphase just prior to mitotic entry ( Fig. 6a-c in late prophase. On the apical centrosome however, Cnb is often present on the mother and daughter 365 centriole between late prophase and early prometaphase. Mechanistically, the relocalization could entail a 366 direct translocation of Cnb and Polo from the mother to the daughter centriole. This model is partially 367 supported by our FRAP data. However, on the basal centrosome, Cnb is completely absent from the 368 existing mother, and appears only in late prophase on the forming daughter centriole. This suggests a 369 direct recruitment mechanism, which could also apply to the apical centrosome from anaphase onward. 370
We propose a dual mechanism whereby on the apical centrosome Cnb initially directly transfers from the 371 mother to the daughter centriole. From anaphase onward -and from late prophase onward on the basal 372 daughter centriole -Cnb levels increase through direct recruitment ( Fig. 6f, g) . Cnb is phosphorylated by 373 the mitotic kinase Polo 18 and Polo-dependent phosphorylation of Cnb is necessary for its timely 374 relocalization during mitosis, suggesting that Polo regulates the dynamic relocalization of Cnb from the 375 mother to the daughter centriole. Interestingly, our data further suggest that Polo, which also becomes 376 enriched on the daughter centriole during mitosis is co-dependent with Cnb, while also requiring Wdr62. 377
Polo's involvement in mitotic centriole conversion 27 further suggests that the same molecular machinery 378 cooperatively converts a maturing centriole into a centrosome for the next cell cycle while simultaneously 379 providing it with its unique molecular identity ( Fig. 7a -c) . 380
The mechanisms generating two molecularly distinct centrioles during mitosis seem to directly 381 influence the centrosome's MTOC activity in interphase; the 'Cnb + , high Polo' daughter centriole will 382 retain MTOC activity during interphase whereas the 'Cnb -, low Polo' mother centriole, separates from its 383 daughter in early interphase and becomes inactive [18] [19] [20] [21] 38 . This model is in agreement with bld10 or plp 384 mutants, which fail to downregulate Polo from the mother centriole, resulting in the formation of two 385 active interphase MTOCs 20,21 . It is further supported by our mislocalization data. For example, 386 optogenetic manipulation of Polo and Cnb asymmetry specifically during mitosis impacts MTOC activity 387 in the subsequent interphase. However, we cannot exclude the possibility that MTOC asymmetry is also 388 controlled independently of mitotic centrosome asymmetry establishment since optogenetic interphase 389 manipulations of Polo and Cnb alone can also perturb biased MTOC activity. 390
Loss of Wdr62 or Cnb also affects asymmetric centriolar Polo localization. Yet, interphase 391 centrosomes lose their activity in these mutants. wdr62 mutants and cnb RNAi neuroblasts both show low 392
Polo levels in interphase 19 . We thus hypothesize that in addition to an asymmetric distribution, Polo 393 levels must remain at a certain level to maintain interphase MTOC activity; high symmetric Polo results 394 in two active interphase MTOCs whereas low symmetric Polo results in the formation of two inactive 395 centrosomes. Indeed, our optogenetic experiment revealed increased centriolar Polo levels upon blue light 396 induction, suggesting that both Polo levels and distribution influence MTOC activity. 397
Taken together, the results reported here are consistent with a model, proposing that the 398 establishment of two molecularly distinct centrioles is primed during mitosis, and contributes to biased 399 MTOC activity in the subsequent interphase. Wild type neuroblasts unequally distribute a given pool of 400
Cnb and Polo protein between the two centrioles so that the centriole inheriting high amounts of Cnb and 401
Polo will retain MTOC activity. Furthermore, the dynamic relocalization of Polo and Cnb provides a 402 molecular explanation for why the daughter centriole-containing centrosome remains tethered to the 403 apical neuroblast cortex and is being inherited by the self-renewed neuroblast 19-21 ( Fig. 7a ). It remains to 404 be tested why neuroblasts implemented such a robust machinery to asymmetrically segregate the 405 daughter-containing centriole to the self-renewed neuroblast; more refined molecular and behavioral 406 assays will be necessary to elucidate the developmental and post-developmental consequences of biased 407 centrosome segregation. The tools and findings reported here will be instrumental in targeted 408 perturbations of intrinsic centrosome asymmetry with spatiotemporal precision in defined neuroblast 409
lineages. 410
Finally, our observations reported here further raise the tantalizing possibility that centriolar 411 proteins also dynamically relocalize in other stem cells, potentially providing a mechanistic explanation 412 for the differences in centriole inheritance across different stem cell systems. 413
Acknowledgements: 513
We thank members of the Cabernard lab for helpful discussions. We are grateful to Jordan Raff, Nasser 514
Rusan, Tomer Avidor-Reiss, Cayetano Gonzalez and Chris Doe for flies and antibodies. We would also 515 like to thank the Imaging Core Facility (IMCF) at the Biozentrum for technical support and the Nigg and 516
Affolter labs for providing temporary lab space to E. G. This work was supported by the Swiss National 517 in anaphase/telophase, respectively (vertical orange arrows), as well as direct protein transfer (curved 680 arrows). Plp (green) remains on the mother, potentially increasing in intensity and appearing on the 681 daughter centriole in prometaphase. Centriolar protein relocalization is mostly completed by anaphase. 682
The centriole containing less Plp, gained Cnb and Polo and is destined to be inherited by the self-renewed 683 neuroblast (indicated with 'neuroblast fate') in the next division, whereas the centriole containing higher 684
Plp and lower Polo levels is destined to be inherited by the GMC (indicated with 'GMC fate'). The fate of 685 the basal centrioles and subsequent marker distribution is unknown (represented by grey circles). (c) Cnb 686
and Polo co-depend on each other for their relocalization from the mother to the daughter centriole. 687
Wdr62 is necessary for Polo relocalization albeit the molecular mechanism is unclear. Time scale is 688 mm:ss or hh:mm:ss. Scale bar is 5μm. 689 during interphase, which randomizes centrosome positioning and distribution. Since we cannot 715 distinguish between the 'apical' and 'basal' centrosomes anymore we refer to centrosome 1 and 2 instead. The following antibodies were used for this study: rat anti-α-Tub (Serotec; 1:1000), mouse anti-α-Tub 955 (DM1A, Sigma; 1:2500), rabbit anti-Asl (1:500), rabbit anti-Plp (1:1000) (gifts from J. Raff). Secondary 956 antibodies were from Molecular Probes and the Jackson Immuno laboratory. 957 96-120h (AEL; after egg laying) larval brains were dissected in Schneider's medium (Sigma) and fixed 958 for 20 min in 4% paraformaldehyde in PEM (100mM PIPES pH 6.9, 1mM EGTA and 1mM MgSO4). 959
After fixing, the brains were washed with PBSBT (1X PBS, 0.1% Triton-X-100 and 1% BSA) and then 960 blocked with 1X PBSBT for 1h. Primary antibody dilution was prepared in 1X PBSBT and brains were 961 incubated for up to 2 days at 4 °C. Brains were washed with 1X PBSBT four times for 20 minutes each 962 and then incubated with secondary antibodies diluted in 1X PBSBT at 4 °C, overnight. The next day, 963 brains were washed with 1X PBST (1x PBS, 0.1% Triton-X-100) four times for 20 minutes each and 964 kept in Vectashield H-1000 (Vector laboratories) mounting media at 4 °C. 965 966
Super-Resolution 3D Structured Illumination Microscopy (3D-SIM) 967
3D-SIM was performed on fixed brain samples using a DeltaVision OMX-Blaze system (version 4; GE 968
Healthcare), equipped with 405, 445, 488, 514, 568 and 642 nm solid-state lasers. Images were acquired 969 using a Plan Apo N 60x, 1.42 NA oil immersion objective lens (Olympus) and 4 liquid-cooled sCMOs 970 cameras (pco Edge, full frame 2560 x 2160; Photometrics). Exciting light was directed through a movable 971 optical grating to generate a fine-striped interference pattern on the sample plane. The pattern was shifted 972 laterally through five phases and three angular rotations of 60° for each z section. Optical z-sections were 973 separated by 0.125 µm. The laser lines 405, 488, 568 and 642 nm were used for 3D-SIM acquisition. 974
Exposure times were typically between 3 and 100 ms, and the power of each laser was adjusted to achieve 975 optimal intensities of between 5,000 and 8,000 counts in a raw image of 15-bit dynamic range at the 976 lowest laser power possible to minimize photobleaching. Multichannel imaging was achieved through 977 sequential acquisition of wavelengths by separate cameras. 978
979
3D-SIM Image Reconstruction 980
Raw 3D-SIM images were processed and reconstructed using the DeltaVision OMX SoftWoRx software 981 package (GE Healthcare; Gustafsson, M. G. L. 2000). The resulting size of the reconstructed images was 982 of 512 x 512 pixels from an initial set of 256 x 256 raw images. The channels were aligned in the image 983 plane and around the optical axis using predetermined shifts as measured using a target lens and the 984 SoftWoRx alignment tool. The channels were then carefully aligned using alignment parameter from 985 control measurements with 0.5 µm diameter multi-spectral fluorescent beads (Invitrogen, Thermo Fisher 986 Scientific). 987 
